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FRAGMENTATION EFFECTS OF THE 75 MM H.E, SHELL T3 (M48)
AS DETRRUINED BY PANEL AND PIT FRAGLENTATION TESTS

-~

Project KR 221 - Determination of the fragmentation
effect of the 75 mm H.,E. Shell Tj3

- - Abstract

* By fragmentation firings in semiwcircular wood panels, the fragment
density was determined as a function of the angle with the axis o{ the
£holl, the distance, and the remainine valacitv, Onnaidaring the frace
ment densities with reogard,to the angle with the shell axis, the fragments
are concontrated in three main classes, commonly designated as nose, side,
and pase sprays, With rcgard to the variable of distance, the densities
decrease with the distance, the decrease in total number of hits in the
side spray averaging about 55% betwean the 15 and 120 ft, panels., The
general effect of remaining velocity is to reduce the number of fragments
in the basc spray, to shift the side spray forward, and to increase the
number of fragments in the‘'nose spray.

~

The total number of fragments of a shell recorded in the panel tests
is about 5000, while the number of fragments obtained in pit fragmentation
tests averaged about 780, It apvears that practically all of the fragments
recovered in pit tosts would be perforating fragments in panel tests.

As determined by the change in the angle of the side spray with
change in remainingz velocity, the velocity of the perforating fragments
due to the explosive charge averaged 2740 f/s.while that of the penetrate

. ing fragments was 3030 f/s, It eppears that the greater initial velocity
of the penetrating fragments is due to the‘r smaller size, or more parti-
cularly to their smaller ballistic coefficients. ]

The genersl method of evaluating the fragmentation effect of shell
RN in the mresent program of test consistod of determining the fragment

.\m/f density as a function of three variables, namely, the direction from the

.
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burst, the distance, and the remaining velocity of the shell, From
the results of the tests with the 75 mm shell, the method of test, in
general, seems to accomplish the desired objective. However, tentative
suggestions for improvement are that the number of rounds per shell
condition be increased, that the number of conditions of test be de-
creased, and that firings with shell axis vertical be eliminated except
in the 15 ft. panel,

" “Introduction

The effectiveness of an H, E, Shell ig determined by

" 4ts capacity to produce casualties., Consequently, the

fundamental obJect of a fragmentation program should be to
evaluate or measure the capgrity of the shell for producing
casualties, The general method of evaluation in the present
program consisted of determining the fragment density as a
function of th:ee variables, the direction from the burst,
the distance, and the remaining velocity of the shell, The
density as a functlion of direction was studled by firings in
semi-circular panels, thereby cutting out samples symnetrical
through 360 deg, normal to the shell axis, The effect of
distance was obtained by varying the radius of the panels,
The variable of remaining velocitv as rerards frarment density
was measured by bursting the shell within the panels at var-
ious remaining veloclties, ~

Having determined the fragment density as a function of
the direction, the distance, and the shell velocity, the hits
on various distributions of targets may be calculated, the
effects of such factors as angle of fall and height of
‘burst becoming - matters of computation. However, merely the
determination o' the number of hits is not sufficient in-
formation, it ls necessary to know the number of casualty
producing hits, For this purpose the kinds of hits on the
panels were determined and the hits classed as perforating,
penetrating, or denting., The correlation of the kind of hit
with respect to its ability to produce a casualty is not as
yet as well known as might be desired. While perforating
hits on wood panels have been generally accepted as effective,
there appears to be need for experiments regarding the ability
of varlous kinds of fragments to produce casualties,

A series of fragmentation firings has been made with the
75 mm T3 shell and the 105 nn M1 shell. The present report
deals with the results with the 75 mm shell, the results
with the 105 mm shell being reserved for a separate report,
Although 75 mm T3 shell were used in the tests, the results
may be applied to the 75 mm M48 shell because the two models
are identical except for slight differences in the rotating
bands, .
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Suggestiong for improvement of the method.

Although the results with the 105 mm M1l shell remain
to be reported, a preliminary examination of the data in-
dicatesthat the differences between the 75 and the 105 mm
shell are largely a matter of magnitude rather than kind,
Consequently, it appears desirable to make tentative
suggestions regarding improvement of the method subject to
further revision when all the data have been studied.

The choice of panel radii of 15, 36, 75, and 120 ft,
seems to be satisfactory., While the total number of hits

per unit solid angle 1s still appreciable at 120 ft, distance,

an increase of panel radius does not seem practical, At
great distances from the burst, very high panels are nec-
essary in order to obtain suitable samples sizes, For
shell as large as 155 mm it appears to be necessary to
eliminate the 15 ft, panel, because there was considerable
wear on this panel even with the 105 mm shell,

In general, 5 rounds were used in the panel tests for

& given shell condition although in a few instances 2 rounds

were used, On study of the data, it appears that a larger
number of rounds for a given condition of test is desirable
in order to obtain greater precision in measurement of
fragment distribution, A minimum of 10 rounds per con-
ditlon is tentatlively recoicindcd,

The remaining velocity of shell used in battle will in
most instances be around 800 to 300 f/s, being very rarely
less than 700 nor more than 1100 f/e, Consequently, for
routine panel tests, it appears that two remaining veloci-
ties, for instance 700 and 1100 f/s together with static
firings should be sufficient, obtaining intermediate values
by interpolation,

Firings with shell axis vertical appear to be useful
at 15 ft. distance from the burst wmhere the panel height is
sufficient to sample the complete width of the sidespray
band, At panel distances greater than 15 ft,, firings
with shell axis vertical are not recommended because the
panels sample only a small portion of the sidespray with
respect to the shell axis, although a sample is obtained
through 180 deg. perpendicular to the axis,

Results of Pit Fragmentation Tests

Four shell were detonated in the sand pif. In this
test, the shell are placed centrally in wood boxes, provid-
ing an air space between shell and box, Rounds 1 and 2 were
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fired in boxes of such dimensions as to result in a
nominal alr space of 3 calibers between shell and box
although somewhat more at the eorners of the box due to its
square cross section., Rounds 3 and U were fired in boxes
giving a nominel air space of 5 calibers. Following de-
tonation of the shell, the fragments are separated from
the sand with a hand screen having & meshes to the inch,
diameter of wire ,03 inches, giving square openings of
«22 inches on a side, The sizes of the screens used for
screening the fragnents were measured as to wire dlameter
and opening with the following average results,

&

Screen Meshes Diam, of Size of Opening,
No. " per wire, Side, Area,

; inch inches inches g8gq. in
l -1 T 416 Bl el E
2 2 JU 36 13

.08 o117 .029

It 1s noted that the openings of the hand screen are
slightly larger than those of the No, ¥ screen, It appears
that the size of openings of the hand screen should be
smaller in order to make a true separation of fragments
on the No. ' screcen.

The fragments are shaken through the screens with the
exception that those fitting the openings rather closely
are put through by hand, The purpose of thls hand separation
is to avold retaining long fragments on a screen when thelr
sectional dimensione permit them to go through,

In addition to the screen tests the least number of
fragments making up 60% of the weight of the empty shell
and fuze 1s determined. In this test, the largest fragments
are first picked out, selecting progressively smaller pleces
until 60% of the original weight of metal is obtained. This
test was used exclusively up till 1925 for pit fragmentation
work and since then has been made 1in conjunction with screen
tests so that present day resulta may be compared with older
ones, . i :

The following table shows the data obtained by the pit
fragmentation tests: :
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Pit Fragmentation Tests of 75 mm T3 Shell from 75 mm
Pack Howitzer Complete Rounds, Shell Lot 2761-3

Round No, i 1 2 3 4
Wt. loaded unfuzed shell 12,50 12,50 12,47 12
Fuze (M39 P.D,)Wt., 1lbs, 235 235 2% 2
Wt. of THT charge (ave.)lbs., 1.56 1.56 1.56 1,
Wt. empty shell & fuze, 1bs. 13.29 13.29 13. 26 13

[ ]
NN
W OO\

Fragments caught by follow- 5
ing screens: . 2
G o
Screen No. 1: No. 7 7 5 6 2
Wt., 1lbs. 2,673 2,007 1,987 2,104 :
Screen No. 2: No. 285 o4k o254 303 i
Wt., lbs, 8.654 8,668 &.169 8,305 :
Screen No. 3: No., 252 256 213 300
Wt., lbs, - 1,487 1,739 1.807 1.820
Screen No, 4: No, 128 89 171 180 '
Wt., 1bs, 0,286 0,235 0.577 0.399 '
Through Screen No, 4: No, 114 10U 108 89
Wt. 1bs. 0,109 0.159 0,231 0,057
No. fragments recovered 766 700 751 878
wt, " " ,1bs, 12,569 12, so9 12,772 12.685
% metal recovered gl 6 9.4 96,3 95,2
No. fragments 1ﬁ 60% Wt, 131 117 130 157
etal

As regards the effect of alr spacing the tests do not
show any significant difference. The explanation appears to
be that the difference between 3 and 6 calibers of air space
is rather small in fragmentation effect and that a large
number of rounds would be required to distinguish between
them,

Since the difference in fragmentation effect between
the two alr spaces appears to be negligible as far as the
tests show, the results of the 4 rounds were averaged
together, The following table shows the average number and
distribution of fragments:

i szt
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fragments caught 2y No, % of Wt., of % of empty

following screens: frag- total (frag- shell &
(Ave, of 4 rds,) ments no., of ments, " fuze
frag- 1bs, :
ments
Sereen No, 1 , 6 .8 2,0u3 15,4
o “w 2 272 34,9 8,49 63.6
- " o a 225 32.7 1,71 12,9
L " 142 18,2 1) 2.7
Thru Socreen No, 4 104 13,4 139 1,0

%ﬁJ_

779 100,0 12,708

From the above table, about 96% of the weight of metal
was recovered in the screen tests. The fragments caught
on No, 1 screen are few in number but an appreciable part
of the original shell welght, about 15%. These fragments
are mostly pieces of fuze, The most numerous and by far the
heaviest group of fragments is retalned on the No., 2 screen
comprising about 35% of the number and bl% of the weight of
metal, Thus the fragments caught on screens 1 and 2 make up
79% of the original weight of metal but only 36% of the total
number of fragments recovered, .

Photographs APG Nos. 3451417 on pages 7, 8, 9 and 10
show the fruguents grouped accoraing to size,

Description of Panel Tests

Four panels designated Panels A, B, C and D having
radil of 15, 36, 75, and 120 ft, respectively were used in
the tests. They were made out of spruce boards having a
nominal thickness of 1", The two layouts of panels on
pages 11 and 12 show the arrangement as to length, height,
and division into numbered squares. The panels were built
in concentric palrs in order to obtain data at two distances
from the burst on the same round., Panel D contained about
5o of opening which was sufficient to include the slidespray
up to remaining velocities of 1100 f/s. The remaining
portion of a semli-circle was not bullt because of the large
amount of material required for a panel at 120 ft, radius
and also because the nose and base sprays are, in general,
not as important as the slde spray. Earth embankments
were built within the area inclosed by the panel at heights
Just sufficient to prevent fragments from ricocheting and
striking the panels,

The shell were detonated at the center of the panels
at a height midway between the top and bottom with the
exception that a few rounds with shell axis vertical were
detonated at greater heights in order to hit Panels C and
D with the dense part of the side spray., The ghell were

.
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fired with axis horizontal and also vertical, statically
and at various remaining velocities when burst, The follow-
ing table shows the conditions under which the rounds were

fired: . ’
Position of Average Number of rounds
shell axis remaining on on
- velocity Panels A & B Panels C & D
! when burst, -
1 . 1 t !8 3
Horizontal o] 5 .5 v
¥ Vertical, nose dovn 0 2 0
| ' base down o] 3 3
Horizontal 700 5 5
" 1087 5 5
4 1450 2 (o I
g 1685 2 5
g 2130 2 5

Following the firing of a round, the perforations,
penetrations, and dente on each square on the panels were
counted, A perforating fragment 1s defined as one that
travels completely through the panel, while a penetrating

4 ) fragment is one that travels onhly part way through, A

ReNERE frgerent SF Gre it ¢ TEwaly palkn § i Ledentaslsh In
the wood without appreclable penetration., The division
between penetrations and dents was set at 1/16" classing
anything lese as dents. The cross-sectional dimensions of
the perforations and penetrations were measured, also the
depth of the penetratione, Following the collection of the
duta from the panels, the marks left by the fragments were
painted over in order to distingulsh them from those of the
next round,

Having obtained the kind and number of hits on the
panels, the results were expressed in terms of hits per
unit solld angle., A unit solid angle is defined as the
s0lid angle subtended by a unit of spherical surface at
unit radius, The number of unit eolid angles,K subtended by
an area of A sq., yds. at R yds. dlstance 1is o+ However,

R
it has been found more convenient to use a smaller unit in
|- fragmentation work. In Aberdeen Proving Ground reports,
| it has been customary to use 1/100 of the above unit, which
i makes the unit solid angle in our work equivalent to the
- solid angle subtended by 1 sq. yd., at 10 yds, distance.
Hence, if there are n hits on area A, the hits per unit

2
) g0lld angle is equal to BB Also, if there are ¢ hits
100 A

per unit solid angle, the hits per esq. yd. at R yds. distance

is equal to 10,06' .
R2

7o

e AR IR A e -rm.,.._..—.—-—-«,..‘...._...._.—
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While the unit solid angles are computed on the basis
of spherical surfaces, if the radius is large the difference
between a plane and spherical surface is negligible., A
slight correction for spherical area was made in computing
the so0lid angles for Panel A, but no corrections were nec-
essary for the other panels,

As shown in the .ayouts, Panele A and B were sub-divided
into 3 horizontal ross of squares, while Panels C and D had
2 horizontal rows. For firings with shell axis horizontal,
the hits per unit solid angle for each vertical tier of
squares were averaged together with the exception that the
hits on sectione Al and A3, Al6 and AUS were excluded because

“the base and nose sprays were concentrated in the middle

squares at the ends of Panel A. At greater distances from
the burst, the base and nose sprays were distributed over
greater areas, coiisequently avoiding the conéentration of
fragmentse in one panel section,

Coordinate System

A polar coordinate system was assumed with origin at
the center of the panels, plane of the system horizontal
and at an elevation midway between the top and bottom of
the panels, It 1s assumed also that the center of gravity
of the projectile coincides with the origin, that the shell
axis, is norizonwal, ana inat the polar axis of the syestem
lies along the extension of the shell axis through the nose
end, The diagram on page 1% illustrates the assumed co=-
ordinate system, The angles with the axis of the shell
mentioned in this report are always measured from the nose
end of the shell, .

i Results of Panel Tests e

- Plots 1 to 6 show the perforations per unit solid angle
on the panels as a function of the angle with the axis of
the shell for varlious remaining velocities when burst,

These plots show the usual concentration of fragments into
three classes which are designated the base, side, and nose

"sprays because of their direction of flight and origin

within the shell., The space between these main classes is
either totally devoid of perforating fragments or greatly
reduced in density,

Plots 7 to 12 show the penetrations under various con-

ditions, while Plots 13 to 18 show the dents. The plots
of penetrations also show base, side, and nose sprays,

~l4~
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although the side spray is not quite as ¥*ell defined as
that of the perforating fragments., Until they drop out by
loss of velocity, the dentes appear to be numerous in practi-
cally all directions, having no particular concentration
£ into base, side, and nose sprays.

Fragment Density of the Side Spray

Since the fragments lose velocity in flight due to air
resistance, their ability to mark the panels decreasegwith
the distance., Also at large distances, the effect of gravity

the panels, In order to investigate the loss in density,
the hits per unit solid angle were averaged over certain
panel areas and arraniged in tabular form. For instance,
for static firing, the side spray was averaged over 35 deg,
of arc, included between 70 and 111 deg. with the shell axis,
While 35 deg. of arc. includes somewhat more than the side
spray, this angle was purposely selected large in order to
make certain that all the sidespray vas included, As the
sidespray is moved forward due to remaining velocity of the
shell it was averaged over 35 deg, of arc, .centering the
angle about the most dense portion of the sldespray. The
same angles were used for the perforations, penetrations

i )] and dents, The following table shows the average number

-8 oo S -2 = o. a
of perfenciiens, pomatratiens; &2f Cpntle por it c2llé

angle of the s;desnray on the four panels 1nclud1ng also
the probable errors of the mean,

-16~

causes some of the fragments to hit the ground tefore hitting




Number of perforetione, penetrations, and dents per

unit solid angle of the sidcspray.

Penel A Panel B Panel C Panel C
Average Angle Type Ave. P.E. Ave. P.E. Ave, P.E. Ave. P.E.
Remain~ with of No. of Yo, of No. of No. of
ing axis of freg- per Mean per Mean per Mean per Mean
vel, shell, ment u.s.a. n.8.8. u.s.a. u.s8.8.
f[s deg. -
Static 76 to 111 Perf, 1,49 .08 1.47 .10 1.18 .04 .83 .10
700 65 to 100  * 1.2 .07 1l.29 .03 9% .07 1.01 .16
1085 56 to 91 . 1.3 .05 1.4 .08 1.1 .10 1,02 .09
1685 43 to 78 " 2,05 a 179 a 1.1 .08 - -
2130 36toN " 1.99 a 2.00 a 1.8 .26 - -
Static 76 to 111 Penet. .97 .08 1.29 .10 . 47 .09 .65 .08
700 65 to 100 v .76 .08 1.23 .16 .55 .09 R .16
1085 56 to 91 " 5 .05 117 .09 .64 .20 .75 .20
1450 U7 to 82 ¢ b2 & 119 a - - - -
1685 U3 to 78 .10 a 97 =a .65 .13 - -
2130 36to N " 1.36 a 2.23 a 4 .13 - -
Static 76 to 111 Dents 2.39 .62 1.13 .16 .18 .06 .04 .03
700 65 to 100 ® l.42 .08 1.01 .13 16 .05 .16 .06
1085 56 to 91 " 1.78 .14 .84 .08 .17 .04 .30 .17
1450 47 to 82 " 1.36  a .86 a - - - -
1685 43 to 78 " 1.15 a 58 & .26 .08 - -
2130 36 to N " 2.69 a 1.60 a 20 O - -

8 two rounde only.

With regurd to the perforating fragments of the sidespray,
the density decreases with the distance although not as rapidly
as might be cupposed. For exarple, the losses in density of
perforating frarments between Panels A and D for remaining
veloecities of zero, 700, and 10Z5 wcre LU, 19, and 33%
averaging 324,

As regards the penetrating hits of the sideepray, the
deneity decreases slowly with the distance although there
appears to be a significant increase between Panels A and B,
While the reason for this increase 1s not imnediately apparent,
it is ohvious that any increase in penetrating fragmente must
be accompanied by a corresponding loss of the sum of the per-
forating and denting fragments,
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The density of the denting fragments decrecases rapidly
with the distance, becoming practically negligible on
Panels C and D, Since the loss of perforating and penetrat-
ing fragments 1s sufficient to account for all the denting
fragments on Fanels C and D it is Jjudged that the denting
fragments there obtained were perforating or penetrating
fragments closer to the point of burst,.

The followiné table shows the total number of hits of
the sldespray per unit solid angle for various remaining
velocitles:

Total number .of hits per unit solid angle in side spray.

Average Angle Total hits per unit solid angle
Remain~ with ‘Panel Panel Panel Panel
ing,Vel, axis A B c . C
. f/s of shell :
deg, . . R .

Static 6 to 111 L,85 3,89 1,83 1.52

700 5 to 100 3.&3 3.23 1.65 1,66
1085 6 to 91 .06 3.42 1,96 2.07
1450 7 to 82 3.55 3.30 - -
1685 = 43 to 78 3.90 3,34 2,02 -
2130 36 to 71 5.96 583 2,77 -

According to the above table, the loss of fragment
density between Panels A and D averages about 57%. While
there 1e an apparent gain in density of penetrations between
A and B, there is a loss in total number of fragments per
unit solid angle for the same panels,

Although it 1is not evident in the above table 1t appears
that there should be some increase in the average density of
the sidespray as the remalning velocity is increased. When
fired statically, the sidespray !s centered at about 95 deg.
with the shell axis, while at 2130 f/s velocity the sidespray
1s centered at about 55 deg., The effect of this displacement
is to crowd the sidespray into a smaller number of solid angles,
thus tending to increase the apparent density without in-
creasing the total number,

Fragment density of the base spray

For all practical purposes, the velocity component of
the base fragments due to the explosive charge and the
velocity component due tn the remaining velocity of the pro-
Jectile have the same line of action, and hence the resultant

-l8~




fragment velocity is simply the algebraic sum of the two
components, “ince the two components are of opposite sign,
as the remain!ag velocity becomes large, a great many of
the base fragments lose their ability to mark the panels
because of their reduced resultant velocity, At very high
remaining velocities, the forward component of some of the
bagse fragments may be greater than the rearward component,
causing them to travel downrange.

For the base spray the hits per unit solld angle were
averaged over the angle with the shell axis included between
162.5 and 180 deg. While this angle is somewhat larger than
the half angle of opening of the base spray cone, 1t was
selected large so that all the base fragments would be in-
cluded, The following tables shows the fragment densities
of the base spray as dependent on the remaining velocity and
the distance from the burst,

Number of perforations, penetrations, and dents of the
base spray per unit solid angle,

Average Type Panel A Panel B Panel C
remain- of No. P,E. No, P.E. No,. P.E,
ing frag- per of per of per of
velocity ment u,s.a. Megn u,s.a, Mean u,s,a, Mean
t/s
Static Perf, 1.82 A9 1,93 bk 148 17
700 L 1.51 .19 .75 .12 .7Z .09
1085 " ,.sZ 22 A7 .06 "2 .06
1450 i o2 a Lob  a - -
1685 " o34 a 18 & JA2 .06
2130 " 0 a 0 a Lo .03
Static Penet, 1.59 23 2,76 .25 1,49 .39
700 H 1,38 °2Z .96 .05 1,08 .2
1085 " 1.89 .2 34,07 53 .22
1450 " 1,29 8 .50 a - - -
1685 " .70 a b7 8 Jo o b
2130 N 50 a ol a A2 06
Statie Dents 6.30 1.72  2.76 .25 96 32
700 . 0 4,36 1,40 1,49 20 .21  ,10
1085 1 1,90 s e .EZ .05 .08 «05
1450 . 1,26 a .7 a - -
1685 " 37 8 .62 a .08 04
2130 J .20 a A1 a o. o0
& Two rounds only
~19-
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Considering the base soray on Panel A it dppears that
the perforations per unit solid angle are reduced by about
50% when the velocity of the shell is changed from static
to 1085 r/s., At 1450 f/s remaining velocity, the perfora-
tions are reduced about 85%, while at 2130 f/s, they are
practically zero,

The penetrations decrease rather slowly on Panel A as
the remaining velocity 1is increased which appeare to be due
to perforating fragments which become penetrating fragments
with increase in remaining velocity. Even at 2130 f/s re-
maining velocity there are about one third as many penetra-
tions per unit solid angle as when fired statically.

. The dents are originally more numerous than the per-
forations and penetrations, but decrease rapidly when the
shell 1s given some remaining velocity. Between static and
1450 f/s remaining velocity, the loss of perforating and

penetrating fragments 1s about equal to the denting fragments

at 1450 f/8 so that it is plausible. to assume that all of
the base denting fragments from static firing never mark
the panels when fired at 1450 f/s, . :

The following table shows the total hits per unit
golld angle of the base spray:

Total hits per unit solid angle of the base spray,

Average Total hits per unit solid angle
remaining Panel Panel Panel
velocity, A B C
/s I —
Static 9.71 7.45 3.93
700 K.gs 3.20 2,06
1085 .66 .78 -1
1450 2,79 1,50 a0
1685 1.35 1,37 .60
2130 .70 1,12 .16

The proportion of base fragments remaining after
giving the shell an increment in veloclty may be obtained
from the above table, Of those striking the panels 1t 1is
certain that their velocity due to the explosive charge 1s
greater than the veloclity due to the remaining velocity of
the shell, On this basis, it appears that when the shell
is fired statically 80% of the base fragments have a
velocity greater than 700 f/s, U8% greater than 1085 f/s,
29% greater than 1450 f/s, 1l4% greater than 1685 f/s, and
7% greater than 2130 f/s.

-20-
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Fragment density of the nose_spray

With regard to the nose fragments, the velocity com=
ponent due to the explosive charge and the component due
to the remaining velocity of the shell are along approx-
imately the same lines of action and of the same sign, so
that the resultant velocity is simply the arithmetic sum
Consequently the effect of remain-
ing velocity of the shell should be to increase the velocity
and range of the nose fragments,

of the two components,

The hits for each type of fragment per unit solid angle
were averaged over the angle included between O and 17.5 deg,
The following table shows the
fragment densities of the nose snray for the varicus con-

with the axis of the shell,

ditions of fire:

Number of perfofations, pehetrations, and dents of

the nose spray per unit solid angle,

Average
remain-
ing
vel,
f[s

Statlc
700
1085
1450
1685
2130

Static
700
1085
1450
1685
2130

Static
700
1085
1450
1685
2130

& Two rounds only,

Type Panel A Panel B Penel C
of Ave, P.E, Ave, P.E, Ave, P.B,
frag- No, of . -No. of No. of
ment per Mean per Mean per Mean
U, 8.3 UeB e, U,S,.8.
Perf, 37 .00 10 05 5H 07
" +30 .06 .68 .07 .52 Ll
" .59 .08 1,14 .17 1,11 .11
. 1,92 & 1.36 a - -
: 1.66 a 1,47 a 1.57 017
" 1,48 a 2.6 & 1,76 J1h
Penet, 3,47 'ES .65 .22 2,19 17
" 2,08 L0 3,31 .17 1,01 J1U
" 5.02 B3 5.39 M5 2,62 .26
" 6.60 a 5.06 a - -
. 5. 74 a 7.20 & 2,69 .36
" 5.17 a .00 a 3.32 .38
Dents 12.22 1,22 1,67 .hﬁ 2.3 1,19
. 9.9 1.05 7.97 .9 1.20 .28
" 13,28 1,89 11,16 b6 2,62 Ll
i 11,50 8 7.40 a - =
" 12,18 a 10.57 a 6.29 .37
" 1k.80 a 158 a W35 .90
-2]-
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While the fragment densities of the nose spiray are
rather erratic uand the probable errors of the mean large,

- certain general trends are evident. The perforations per

unit solid angle increase markedly with increase in remain-
ing veloccity which appears to be due to some of the penetrat-
ing hits beconing perforating hits. Also, there are about
as many perforations on Panel C as on Panel A indicating
that the range of the fragments is increased due to remain-
ing velocity,

'Some gain in penetrating hits is evident with increase

_ in remaining velocity which is no doubt due to some of the

largest denting fragments becoming penctrating hits,

As near as may be Judged from the data, the denting hits
are approximately constant as the remaining velocity is in-
creased, It appears that some of the denting fragments
become penetrating fragments with increase in shell velocity
and hence the number of dents would be reduced a certain
amount, However, as shown in Plot 13 glving the dents per
unit solid angie for static firing, there are a certain
amount of dents in all directions from the burst. Con-
sequently those immediately adjacent to the selected angle
of the nose spray, namely O to 17,5 deg,, would be displaced
into the nose spray zone by shell velocity thus augnenting
the number, :

The average number of perforations, penetrations, and
dents per unit solld angle for the nose spray were added
together for the various conditione of fire and are listed
in the following table: :

Total number of hits in the nose spray per unit solld
angle,

Average Total hits per unit solid angle.

remain- Penel Panel Panel

ing vel, A B c
f/s ' -
Static . 16,09 2,42 5.08
700 : 12,32 11,96 2.72
1085 18,89 ' 17.69 . 6.35
1450 20,02 13,82 -
1685 ' 19,58 19.24 10.35
2130 21,45 26.31 %3

-20~

L s et o




kA

From the results of the above table, there seems to
be some gain in the density of hits in the nose spray with
increase in shell velocity which is probably due to the

- displacement of some of the fragments adjJacent to the

selected angle of nose spray into the nose spray zone,
While there is a considerable reduction in total number of
fragments with the distance from the burst, the proportion
of hits obtained on Panel C with the high remaining velo-
cities indicates that the shell velocity had an appreciable
effect on the range of the fragments,

Fragment Dengity with Shell Axis Veftical

When the shell are fired with axis horizontal, the
fragments are sampled through 180 deg. of arc with respect
to the shell axis, while in the transverse direction the
width of the sample is the angle subtended by the height
of the panel to the point of burst. Panel A subtends about
33 deg. of arc, B about 14 deg., C about 9 deg., and D about
6 deg. It is thus apparent that with horizontal firings
the side spray 1s completely sampled in the sense that a
cross section is obtained but the size of the samnple 1s
rather small varying from 33/360 to 6/360 of the total,

With shell axis vertical, conditions are reversed.,
On a given panel, the side svray is sampled through 180 deg,
normal to the shnell axis wnile with respect to the angle
with the shell axis, the size of the sample is limited by
the angle subtended by the panel helght, varying from 33
to 6 deg. Since the fragment density within the sidespray
band 1s & function of the angle with the axis of the shell,
reaching a maximum near the middle of the band and decreasing
to practically zero at the edges, 1t 1s apparent that either
all the sidespray band or symmetrical portions of it must
be sampled in order to obtain the fragment density as a
function of the distance from the burst, With vertical
firings it does not apvear practical to sample all of the
sidespray band at very great distances from the burst, An
angle of 35 deg. was used in averaging the density of the
sldespray for horlzontal firings, although 25 deg. would
include most of it. Assuming even 25 deg. of width, a
panel 50 ft, high at 120 ft. distance would be required,
vhich 1s impractical. Also, unless panels are especially
built for the purpose, it is not possible to match symmet-
rical portions of the sidespray on the various panels,

In view of the conditions mentioned, firings with
shell axis vertical were made in Panels A and B at a height
midway between the top and bottom of the panels, Under




these conditions, Panel A samples all of the width of the
sidespray band since 1t subtends 33 deg, of arc, Then

for Panels C and D, the shell were elevated to a height -

18 rt, above the bottom of the panelas, base of the shell
down, At this height, the middle of the sidespray band
should hit the upper row of squares on Panel C and near the
center of Panel D, Thus, all of the width of the sidespray
band was.sampled on Panel A and also the most dense portions
on Panels A, B,,C and D, although not strictly symmetrical

. portions.

Plots 19 and 20 show for shell axis vertlcal the per-
forations per unit solid angle on Panels A and B as a
function of the horizontal angle from zero azimuth, Zero
azimuth 1s defined for axis vertical firings as the horizontal
line from the point of burst to the ends of the panels at
Sections Al, Bl, or Cl, ‘“he values obtained on Panel A are
smoother than those on Panel B, which appears to be largely
due to the fact that a square on Panel A subtends about 6
times the so0lid angle of one on B.

Since the fragment densitlies on the panels with shell
axis vertical should be constant from zero to 180 deg.
azimuth if & large number of rounds were fired, the results
of the other conditions of test are not shown in the form
of plots, but instead are listed <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>